Introduction
The excellent performance of the LHC and the LHCb experiment, along with large production cc cross sections for pp collisions at √ s of 7 and 8 TeV has enabled unprecedentedly large samples of charm decays to be recorded during 2011 and 2012, corresponding to 3/f b of integrated luminosity. These large samples allow the study of CP violation (CPV) effects at a precision not achieved before in charm decays.
The data was taken with a regular swap of the polarity of the spectrometer dipole magnet which can compensate for the left-right detector asymmetries to a first order. Both charm decays, promptly produced in the primary pp interaction, and coming from a parent beauty hadron are exploited at LHCb; this is indicated for each of the presented analyses. 
where N indicates the number of reconstructed events of a given decay after background subtraction, and X refers to the undetected final state particles from the semileptonic B decay. The raw asymmetry is a sum of the physical CP asymmetry, (A CP (f )), the production asymmetry (A P (B)) and detection asymmetry (A D (µ)) :
As the quantity of interest is A CP (f ), the main experimental challenge is to separate it from the nuisance asymmetries. An experimentally more robust variable, ∆A CP can be constructed by taking the difference of the raw asymmetries measured in
and thus cancelling the production and the muon detection asymmetries to a first order. Alternatively, for extracting A CP (KK), the detection and production asymmetries can be measured using Cabibbo-favoured (CF) B → D 0 (→ K − π + )µ − X decays where no CPV is expected. An additional detection asymmetry, A D (Kπ), arises due to the different interaction rates of the charged K with the matter. To remove this asymmetry, the control channels
, the detection asymmetry of K 0 arising due to the combined effect of CPV in mixing in the neutral kaon system and the different interaction rates of K 0 and K 0 in the detector material, A CP/int , is estimated from simulation and subtracted from the raw asymmetry. Once ∆A CP and A CP (KK) are measured, the individual asymmetry A CP (ππ) = ∆A CP − A CP (KK) can be computed.
In total, ∼ 2.1×10 6 D 0 → KK and ∼ 0.7 × 10 6 D 0 → ππ decays are reconstructed. The analysis is done separately for the 2011 and the 2012 data, and for the two magnet polarities and consistent results are obtained. As the production and detection asymmetries depend on the kinematic distributions, weights are assigned to the candidates such that the kinematic distributions are equalised. The results for the asymmetries [1]
and, with correlation rho=0.28,
are compatible with CP conservation. The A CP (hh) asymmetries are the most precise measurement of individual asymmetries up to date. The precision of ∆A CP is comparable to the preliminary result for ∆A CP measured using prompt D 0 decays reconstructed in 1/fb of integrated luminosity [2] .
CP asymmetries in
Following a similar analysis strategy, the raw asymmetries in the prompt D
where h + = K + or π + , are used to extract the quantities of interest
and
The analysis is done using the full available data sample of 3/f b. In total, ∼ 4.8 × 10 (13) show no indication of CPV [3] . These are the most precise measurements of these quantities.
4 Search for CPV in D . At LHCb, the energy test is used to assign a p-value for a non-zero CPV hypothesis [6] . In this method, a test statistic T is used to compare the average distances based on the metric function ψ. It is defined as
and the metric function
ij /2σ 2 is chosen as a Gaussian function with a tunable parameter σ as it should be a falling function with increasing the distance between events. T compares the average distances of pairs of events belonging to two samples of opposite flavour. The normalisation factor removes the impact of global asymmetries. The distance between two points in phase space is given by of CP symmetry by comparing the nominal T value observed in data to a distribution of T values obtained from permutation samples, where the flavour of the D 0 is randomly reassigned to simulate samples without CP violation. The p-value for the no CPV hypothesis is obtained as the fraction of permutation T values greater than the nominal T value. The p-value from the fitted T distribution can be calculated as the fraction of the integral of the function above the nominal T value. This approach is used for the nominal result. If large CP violation is observed, the observed T value is likely to lie outside the range of permutation T values. In this case the permutation T distribution can be fitted with a generalised extreme value function
with normalisation N, location parameter µ, scale parameter δ, and shape parameter ξ. The p-value from the fitted T distribution can be calculated as the fraction of the integral of the function above the nominal T value. This approach is used for the sensitivity studies. Using 100 permutations, the sensitivity studies are reported in Table 1 . By counting the fraction of permutations with a T value above the nominal T value in the data, a p-value of (2.6 ± 0.5) × 10 −2 is extracted. This result is based on 1000 permutations. The results correspond to a data sample of about 2/fb collected during 2012. Varying the metric parameter results in the p-values listed in Table 2 ; all the p-values are at the 10 −2 level. The data sample has been split according to various criteria to test the stability of the results. Analyses of sub-samples with opposite magnet polarity, with different trigger configurations, and with fiducial selection requirements removing areas of high local asymmetry of the tagging soft pion from the D * + decay all provide consistent results. Various checks have been performed to ensure there are no asymmetries arising form background events or detector related asymmetries. The analysis has the words best sensitivity from a single experiment to local CPV in this decay.
Conclusions
LHCb has performed world leading precision measurements in the charm sector. The searches for direct CPV in two-and multi body decays are consistent with CP conservation, in agreement with the SM at the current level of precision. 
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